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1. Introduction

In RAN1#51, it was agreed that, for system bandwidth greater than 1.4 MHz, two PRACH frequency regions next to PUCCH will be defined, and the PRACH will hop between these two frequency regions.  However, it was FFS whether the hopping period is 10ms or 40ms.  This contribution proposes that only 10ms hopping period be adopted.
2. PRACH Frequency Hopping Period
In RAN2, it has been agreed that during handoff, UEs will receive PRACH parameters of the target cell from the serving cell.  Since the hopping pattern may depend on the SFN, UE will also need this information.  However, the UE may not know the SFN of the target cell due to delay in the X2 interface and timing drift if target cell parameters are infrequently exchanged.  To get the SFN, UE will then need to read the P-BCH of the target cell which is not desirable since this can add significant amount of delay.  To overcome this limitation, two options are possible –
· Option 1: PRACH hopping pattern repeats every 10ms.  In this case, knowledge of SFN is not required.  However, there will be no frequency hopping for PRACH slot configurations 0-5 and 15 which have periods of either 10 or 20 ms.  However, time diversity is still possible depending on channel coherence time.  For UEs with vehicular speed greater than 15 km/h, the coherence time is usually small enough that the good time diversity is possible every radio frame.  An example of PRACH hopping is shown in Figure 1. 
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Figure 1.  Example of PRACH hopping - slot configuration 9, 10 ms period.

· Option 2: PRACH hopping pattern repeats every 40ms.  In this case, there is a need to obtain 40ms P-BCH frame boundary.  This can be done by either (1) phase modulation on S-SCH [5] or (2) extension of RS periodicity to 40ms [4].  Both methods have disadvantages, mainly in increased complexity and performance/accuracy degradation.  In addition, since S-SCH and RS design is essentially complete, it is not desirable to change the design at this stage. 
3. Impact of 10ms Hopping Period
In general, it is expected that the majority of the PRACH transmission will be received successfully after one transmission.  Although performance requirements have not been defined, RAN4 performance tests are being performed with missed and false alarm probabilities of 0.1%.  It is therefore reasonable to expect that probability of missed detection will be less than 1%.  As a result, most users will not benefit from PRACH hopping as re-transmission is not required.  Table 1 lists the 16 possible PRACH configurations that have been agreed to.  Note that PRACH configurations 0-2 and 15 have period of 20ms.
Handover Impact
From handover latency perspective, PRACH hopping period of 10ms allows handover without requiring the UE to read the P-BCH of the target cell for PRACH configurations 3-14.  For other PRACH configurations, the UE will be required to read the P-BCH of the target cell to obtain the SFN.  If latency is a concern, then the system may be configured to provide PRACH opportunities at least once every radio frame.  Although this will result in higher PRACH overhead, the eNB is still allowed to scheduled data in the PRACH.
PRACH Performance
As noted, PRACH hopping helps performance during re-transmission, which is expected to occur infrequently.  Already, PRACH frequency hopping is available for PRACH slot configurations 6-14.  For PRACH slot configurations 0-5 and 15, there will be a loss of frequency diversity as hopping is not possible.  However, this is not a substantial drawback as the following points/methods may be considered -
· PRACH slot configurations 0-2 and 15 are generally intended for low system bandwidth (1.4 or 3 MHz).  Obviously, for 1.4MHz, hopping is not possible.  For 3 MHz system bandwidth, hopping is not expected to bring significant frequency diversity.  Therefore, lack of frequency hopping mostly affect PRACH performance when slot configurations 3-5 are used.
· Time diversity is possible depending on channel coherence time.  For UEs with vehicular speed greater than 15 km/h, the coherence time is usually small enough that the good time diversity is possible every radio frame.
· The networks can assign a larger power margin for re-transmission to compensate from lack of frequency diversity.  It is expected that an increased margin of 2-3dB will be sufficient.  In addition, as PRACH handover load can be controlled by the target eNB, PRACH performance is not expected to be substantially degraded.
· The networks can plan for larger latency without an increase in re-transmission power.   Since this will impact only a small percentage of UEs performing handover, it is not expected to be an issue. 
Thus, it can be seen that 10ms hopping period is only an issue for a limited set of PRACH slot configurations and UE speeds, and may be compensated for by the eNB through increased power margin for re-transmission or allowance for extra latency. 
4. Recommendation

Based on the discussion above, it is seen that PRACH hopping period of 10ms offers the simplest and most effective solution without requiring any changes to the specifications.
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Table 1.  Random access preamble timing for preamble format 0-3.

	PRACH configuration
	System frame number
	Subframe number

	0
	Even
	1

	1
	Even
	4

	2
	Even
	7

	3
	Any
	1

	4
	Any
	4

	5
	Any
	7

	6
	Any
	1, 6

	7
	Any
	2 ,7

	8
	Any
	3, 8

	9
	Any
	1, 4, 7

	10
	Any
	2, 5, 8

	11
	Any
	3, 6, 9

	12
	Any
	0, 2, 4, 6, 8

	13
	Any
	1, 3, 5, 7, 9

	14
	Any
	0, 1, 2, 3, 4, 5, 6, 7, 8, 9

	15
	Even
	9






























































































































































































































































